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Focal glomerular sclerosis in nephrotic patients: An electron
microscopic study of glomerular podocytes. Renal biopsy speci-
mens of 16 adult patients with nephrotic syndrome and focal
glomerular sclerosis were examined by light and electron micro-
scopy. Particular attention was paid to alterations of podocytes.
Except for loss of foot processes, five patients had no podocyte
changes, five had mild changes and six had severe changes. Of
the last group (group III), four patients were heroin addicts, the
fifth had infectious mononucleosis and the sixth, an apparent
idiopathic disease; five patients were males, 16 to 25 yr old.
Podocyte changes consisted of cytoplasmic degeneration, de-
tachment of epithelial cells from basement membranes, with fill-
ing of resulting space by cell debris and new membranes. Under-
lying capillaries were often collapsed. Repeat biopsies in three
patients in group III revealed progression of lesions, paralleling
rapid clinical deterioration. It is concluded that some cases of
focal glomerular sclerosis are associated with severe damage to
podocytes which may be caused by drugs, infection or unknown
factors and may contribute to the development and progression
of the glomerular lesions.
Sclérose glomerulaire focale chez les malades atteints de syn-
drome néphrotique. Les biopsies rénales de 16 malades adultes
atteints de syndrome nephrotique et de lesions de sclérose
glomerula ire focale ont été examinée en microscopie photonique
et electronique. Les alterations des podocytes ont été plus parti-
culièrement étudiées. Mis a part Ia disparition des processus
pédiculés, ii n'y avait pas de modifications des podocytes chez
cinq malades, des moditIcations minimes ont été observées chez
cinq autres malades et des alterations sévères chez les six derniers.
Dans ce dernier groupe (groupe III) quatre malades étaient des
habitués de l'héroine, le 5e avait une mononucléose infectieuse
et le 6e une affection d'apparence idiopathique; cinq malades
étaient de sexe masculin et ages de 16 a 25 ans. Les modifications
des podocytes consistent en une degénerescence cytoplasmique
et un éloignement des cellules épithéliales par rapport aux mem-
branes basales. L'espace ainsi créé est rempli par des debris
cellulaires et de nouvelles membranes. Les capillaires sous-
jacents sont souvent en collapsus. Des biopsies itératives chez
trois malades du groupe III ont montré une progression des
lesions parallèlement a one détérioration clinique rapide. On
peut en conclure que quelques cas de sclérose glomérulaire
focale sont associés a des lesions sévères des podocytes qui peu-
vent être induites par des drogues, des infections ou des facteurs
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inconnus et qui peuvent contribuer a Ia progression des lesions
glomérulaires.
"Focal glomerular sclerosis" (FGS) has been
studied recently by a number of authors [1—7] who
established its main clinical manifestation as protein-
uria, usually accompanied by nephrotic syndrome.
Histopathologically it is characterized by segmental or
focal glomerular lesions which progress, lead to diffuse
glumerular obsolescence and are, in general, not amen-
able to therapy.
Electron microscopic studies of FGS have shown
electron dense deposits [8], thickening of basement
membranes and mesangial matrix [9] and fine fila-
mentous, matrix-like material in the periphery of the
capillary loop [10]. It is generally accepted that loss of
foot processes is present in all glomeruli and that, in
the stricter sense, the lesion represents a diffuse glomer-
ular disease.
By immunofluorescence, granular or globular de-
posits of 1gM and C3 and to a lesser extent IgG and C4
have been demonstrated within the segmental lesions
[8, 11].
The etiology and pathogenesis of this disease are
still poorly understood. Hyman and Burkholder [8]
suggested that it is a generalized renal disorder "re-
sulting from combined injury to the entire nephron
and vessels with progressive secondary metabolic and
ischemic alteration in glomeruli, tubules and interstit-
ium." Other authors have suggested immunologic
mechanisms.
Since none of these theories appear satisfactory,
this study was undertaken in an attempt to further
elucidate the pathogenesis of this disease in adult
patients and particularly its ultrastructural develop-
ment. Having observed podocyte changes in some
patients with focal glomerular sclerosis resembling
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those of experimental radiation nephritis [12], parti-
cular attention was paid to the ultrastructural altera-
tions of visceral epithelium. We found a considerable
variety of such changes, and shall attempt to correlate
these structural lesions with the clinical course.
Methods
Renal biopsy specimens were obtained from 16
patients over the age of 16 yr who had nephrotic syn-
drome and focal, segmental lesions on light micro-
scopy. Altogether, 21 biopsy specimens were available
for light microscopy and 18 for electron microscopy.
The patients selected for this study were those on whom
rather complete clinical data were available. Since we
were particularly interested in podocyte changes, the
selection of patients may be slightly weighted in that
direction.
Renal tissue was fixed in neutral buffered formalin
for light microscopy and in osmium tetroxide for elec-
tron microscopy. Paraffin sections were cut at 3
thickness and stained with hematoxylin-eosin and PAS
stains. All epoxy resin (Epon)-embedded blocks were
cut at 1 thickness and stained with PAS-hematoxylin.
Blocks showing focal sclerosis of glomeruli were
selected for electron microscopy. Sections were cut on
a microtome (LKB), double-stained with uranyl ace-
tate and lead citrate and examined with an electron
microscope (RCA III G).
Results
The patients are tabulated in order of severity of
podocyte changes on electron microscopy of renal biop-
sy specimens and are divided into three groups.
Except for various degrees of foot process loss, group I
(patients 1 through 5) showed no significant glomer-
ular epithelial cell changes; group II (patients 6
through 10) had mild epithelial cell changes and
group III (patients 11 through 16) showed the most
severe podocyte alterations.
Clinical data. The important clinical data are tabu-
lated in Table 1. All patients had nephrotic syndrome
at the time of first biopsy. Male patients predominated
in all three groups. The patients varied in age from 16
to 60 yr; the average age was 38 yr in group 1, 33 yr in
group II and 25 yr in group III. The duration of the
disease, measured from the first clinical appearance of
proteinuria and/or the nephrotic syndrome to the
time of biopsy, varied from one week to 30 yr. For
group I the average duration was five years; for
group II, nine years; and for group III, five weeks.
Three patients (one in each group) had antecedent
hypertension. At the time of biopsy, ten patients were
hypertensive (defined as diastolic blood pressure above
90 mm Hg), about equally distributed in all groups.
Two patients had diabetes mellitus. There were five
heroin addicts, one in group I and four in group III.
One individual in group III (patient 16) had signs and
symptoms of infectious mononucleosis two weeks be-
Group Patient
No.
Age,
yr
Sex Race Duration
of
disease
Blood
pressure,
mm Hg
Drugs Preceding
infection
Blood urea
nitrogen,
mg/100 ml
Steroid
response
I 1 35 M W 11 yr 190/110 0 0 30—46 0
2 48 M W 8yr 170/110 0 0 27 —
3 60 M W 1 yr 150/90 0 0 23 +
4 16 M N lOmo 130/100 +heroin URI NI
5 29 M W 3 yr 140/85 0 URI 30 + Recurrence
II 6 35 M Egypt 30 yr 140/100 0 Diphtheria 19 No steroids
7 44 M W I mo 160/100 0 0 13 No steroids
8 28 M N 1 mo 120/70 + alcohol Tb 10 No steroids
9 17 M PR l4yr 120/90 0 0 23 0
10 43 F W 1 yr 135/90 0 0 10 No steroids
ITt 11 25 M W 1 mo 145/100 0 0 32—44 0
12 46 F N 2 wk 170/100 + heroin 0 86—62 .—
13 22 M N 3wk 160/120 +heroin 0 14
14 25 M N 4mo 125/95 +heroin 0 12 0
15 18 M N 5 wk 140/70 +heroin 0 15 +Recurrence
16 16 M N 1 wk 124/70 0 Infectious
mononucleosis
17 0
aPRpuerto Rican; URI=upper respiratory tract infection; Tb=tuberculosis; NS=nephrotic syndrome; FBS=fasting blood sugar;
Rx INH=treatment with isonicotinic acid hydrazide; NI=normal; —=no information; 0=no or negative; + =yes or positive;
weakly positive.
Table 1. Clinical data in 16
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fore onset of edema and weight gain. Allergies were
noted in only one patient of each group.
Two individuals of group II (patients 6 and 9) had
long-standing nephrotic syndrome, 14 and 30 yr re-
spectively, dating back to childhood. It is possible that
these patients originally had lipoid nephrosis (minimal
change disease), although no biopsy specimens of the
early stages are available.
Both female patients developed their first symptoms
during pregnancy.
Laboratory data. Laboratory data disclosed severe
proteinuria in all patients. Only one patient had gross
hematuria; the others showed very rare red blood cells
(RBC's) on microscopic examination of the urine.
Renal function, as measured by blood urea nitrogen
(BUN) concentration, was normal in 12 and slightly
impaired in 4, at time of first biopsy.
Therapy. Ten patients received steroid therapy, four
had received no steroids, and in two, the mode of
therapy was not recorded (see Table 1). The standard
therapy consisted of 40 to 60mg of prednisone (accord
ing to the patient's weight) daily for eight weeks. If
there was a good response during that period, the dose
was reduced to 30 mg/day and gradually tapered. If
the patient did not respond and had no evidence of
steroid toxicity, the therapy was continued for another
four weeks before the patient was designated as
steroid-resistant (0 response—patients 1, 9, 11, 14, 16).
Satisfactory response (+ response) was manifested by
cases of focal sclerosis
a decrease of proteinuria to less than 0.5 g/24 hr and
disappearance of edema. Patient 3 responded in two
weeks; patient 5 was treated elsewhere for the initial
attack of nephrotic syndrome and was not receiving
steroids when readmitted with recurrence; patient 15
was treated at home and responded in eight weeks; he
was asymptomatic and not receiving steroids for ap-
proximately four months before recurrence developed.
Slight response (± response) was defined as a signi-
ficant decrease of prOteinuria (to less than one-half of
the original value) with a decrease of edema. This was
observed in patient 4 after six weeks of therapy and in
patient 13 after four weeks. The urine of neither be-
came protein-free despite continued steroid admini-
stration.
Follow-up data. Eleven patients were followed from
five months to four years.
Of the ten patients in groups I and 11, one died in
renal failure after four years, one patient died with
nephrotic syndrome and early renal failure 11 months
after biopsy, four continue to have proteinuria at
10 months to two years, and one is clinically well.
Four patients could not be traced.
Of the six patients in group III, two are in terminal
renal failure and receiving dialysis, two had early renal
failure at last observation, ten months and one year
after biopsy, and one patient continued to have
proteinuria. One patient was not available for follow-
up.
Follow-up Remarks
Time Renal status
6 yr
—
—
21 mo
2 yr
1 yr
—
2 yr
2 yr
10 mo
—
2 yr
1 yr
3.3 yr
5 mo
Died in renal failure
—
—
BUN 11, 4+proteinuria
—
Asymptomatic
BUN 38, NS
—
BUN 13, 2.5g proteinuria
Well, no proteinuria
NS, creatinine 2.8
—
Renal failure
BUN 39, NS
Renal failure
Proteinuria
Diabetes and hypertension, 6 yr; proteinuria for 1 yr
Known hypertensive. Proteinuria, 8 yr; NS, 2 mo
NS for 1 yr; mild diabetes mellitus; FBS, 154; allergy to aspirin
Heroin addict. Sore throat 1 wk before cola-colored urine
NS for 3 yr; URI at onset
Childhood nephrosis, multiple episodes, spontaneous remissions
4 yr hypertension, 1 mo NS
Proteinuria, 1 yr; gross hematuria. Pulmonary Tb, Rx INH
NS at age 3 yr; well until 1 yr prior to admission
Hypertension, edema, proteinuria for I yr, started during pregnancy
Skin rash after antibiotics, rapidly developing NS, urine protein up to 38 g/24 hr
Heroin addict for 20 yr. Developed hypertension and edema 5 yr ago during
pregnancy
Died 1 yr after biopsy (overdose of heroin)
Infectious mononucleosis 2 wk prior to NS
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Ten patients were treated with steroids. One of them
responded to treatment, two had a slight response,
while two others responded at first and then had re-
currences of nephrotic syndrome. Five patients showed
no response to steroid therapy.
Histology. The histologic changes are tabulated in
Tables 2 and 3. On light microscopy (Table 2) the
histologic appearance was quite variable in all three
groups, showing focal or segmental glomerular lesions
or both in different stages of development.
The segmental lesions were characterized by an in-
crease of mesangial matrix in some lobules, capillary
Table 2. Light microscopic findings in 16 cases of focal scierosisa
Group Patient Time Glom Obsolete Glomwith Mesang Hyalin Epith Tub Interstitial tissue Arterio-
No. interval N glom, N segm scler, prolif prolif atr arteriolo-
of N Fibrosis & Acute sclerosis
biopsies chr inflam infiam
I 1 11 7 1 2+ 1+ 0 1+
Ia 2yr 32 18 3 2+ 0 2+ 2+ 0 3+
2 6 2 1 0 0 0 2+ 2+ 0 2+
3 20 0 4 0 0 1+ 1+ 0
4 13 0 1 0 0 0 1+ 0 0
5 16 0 1 1+ 0 1+ 0 1+
II 6 20 2 1 0 1+ 0 0 3+
7 13 1 3 0 1+ 1+ 1+ 0 1+
8 8 1 1 1+ 2+ 1—2+ 1+ 0 0
9 9 7 1 0 0 1+ 2—3+ 2+ 0 0
10 2 0 1 0 0 1+ 1+ 0 0 2—3+
III 11 12 0 4 1+ 0 1+ 1+ 0 0
12 21 5 5 1+ 1+ 3+ 3+ 3+ 3+
13 40 1 7 0 2+ 2+ 2+ 2+ 0
13a 2yr 6 4 0 0 1+ 1+ 3+ 3+ 0 0
14 11 0 5 1+ 0 1+ 1—2+ 1—2+ 2+ 0
14a lyr 14 6 0 1+ 1+ 0 2+ 2+ 0 0
15 1 0 0 0 0 0 1+ 0 0
15a 2wk 13 2 2 1—2+ 0 2+ 2+ 2+ 0 0
15b 8mo 9 4 1 1+ 0 0 2+ 2+ 0 0
16 11 0 7 0 0 1—2+ 0 1+ 0
aGlom =glomeruli; segm scier = segmental sclerosis; mesang prolif= mesangial proliferation; Epith = epithelial; Tub atr = tubular atrophy;
Infiam=infiammation; 0=absent; —3+ =rdegrees of change.
Table 3. Electron microscopic findings in 16 cases of focal scierosisa
Podocytes Mesangium Basement membrane
Group Patient
No. FP loss Degenera- Separa- Cell Matrix Deposits Widening of Gaps Other
tion tion prolif increase Lam Rara mt
I 1 — — — — — — —
Ia 1+ 0 0 1+ 1+ 1+ 0 0 1±split
2 1—2+ 0 0 1—2+ 0 1+ l+split
3 3+ 0 0 1—2+ 1+ 0 0 0 0
4 1+ 0 0 0 0 0
5 2—3+ 0 0 1+ 1+ 1+ 0 0
II 6 2—3+ 1+ 1+ 1+ 1+ 0 1+ 0 0
7 3+ 1+ 0 0 2+ 0 Mottled
8 0 1+ 0 0 0 1+ 0 l+split
9 1+ 2+ 0 1+ 1+ 1+ 1+ 1+ 0
10 0 0 1+ 0 0 2+ 0 Thickened 1+
III 11 3+ 3+ 1+ 1+ 1+ 0 1+ 0 0
12 3+ 1+ 2+ 1+ 1+ 0 1+ 0 Thickened 1+
13 3+ 2+ 3+ 0 0 0 1+ 0 Wrinkling 2+
13a — — — — — — — — —
14 2+ 3+ 3+ 1—2+ 1—2+ 1+ 0 0 0
I4a 3+ 3+ 2+ 1—2+ 1+ 3+ 0 0 0
15 3+ 0 2+ 2+ 1+ 0 1+ 0 0
ISa 3+ 1+ 2+ 2+ 2+ 0 1+ 0 0
15b — — — — — —
16 3+ 2+ 2+ 0 1+ 0 1+ 0 0
a Prolif=proliferation; FP= foot process; Lam = lamina; —=no information; 0 = absent; =3+ =degree of change.
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collapse and occasional hyaline or lipid deposits in the
capillaries.
Two individuals of group I (patients 4 and 5) had
very mild changes: the glomeruli were almost normal,
but a few tubules showed mild atrophy. At the other
extreme were four patients (1, 2, 9 and 12) with very
advanced lesions. They showed between 25 and 70%
obsolete glomeruli, segmental collapse and deposit of
hyalin in other glomeruli, marked interstitial fibrosis
and tubular atrophy and, usually, severe arterio- and
arteriolosclerosis. The remaining ten patients fell be-
tween these two extremes with up to 15% obsolete
glomeruli and moderate interstitial and tubular changes
on biopsy.
In general, the glomerular lesions in group 111 ap-
peared more active, with some lobules showing swell-
ing, vacuolization and slight proliferation of visceral
epithelial cells (Figs. 1 and 2); segmental widening;
slight to moderate cellular proliferation of the mes-
angium; and collapse of capillaries (Fig. 3). In four
patients of group III there was also active interstitial
inflammation with polymorphonuclear leukocytic in-
filtration encroaching upon the tubules (Fig. 4). This
last group had very few vascular changes. Four indi-
viduals had more than one renal biopsy (patients 1 and
13 through 15). Except for patient 1, biopsy specimens
showed progression of the lesions on light microscopy,
Fig. 2. Patient 1/: High power photomicrograph of segmental
lesion of Fig. 1. Note swelling, vacuolizat ion and granularity of
podocytes (PAS stain, x 1,400).
especially in the percentage of obsolete glomeruli and
the degree of tubular atrophy.
On electron microscopy (Table 3) the most striking
glomerular lesions were found in group III and will
therefore be described first. The changes involved
mainly the visceral epithelial cells which showed
diffuse loss of foot processes in all patients. In addition,
some epithelial cells (patient 11) showed degeneration
in the form of loss of organelles and breakdown of cell
membranes, so that the basement membrane was no
longer covered by a cytoplasmic membrane or by in-
tact cell (Fig. 5). Spherical particles were seen fre-
quently between epithelial cells and basement mem-
brane [8]. In other instances, epithelial cells were
separated from the basement membrane either by a
clear space (Fig. 6) or by many layers of delicate mem-
branes intermingled with cellular debris consisting of
various sized vesicles and granules (Figs. 7 and 8). This
Fig. 1. Patient II: Segmental glomerular lesion showing prolifera- .
tion and vacuolization of visceral epithelial cells and capillary separation involved shorter or longer stretches of base-
collapse (PAS stain, x 350). ment membrane which was often wrinkled (Fig. 9). In
I 
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Fig. 3. Patient 14: Segmental glomerular lesion showing inesangial
sclerosis and hyperplasia of epithelial cells (PAS stain, x 350).
Fig. 4. Patient 16: Segmental glomerular lesion and acute inter-
stitial inflammation (PAS stain, x 600).
Fig. 5. Patient 11: Glomerular capillary wall showing fragmentation ofpodocyte (FP). I. = capillary lumen (x 15,250).
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Fig. 8. Patient 13: Detachment of podocyte (P). Space filled with cell debris. Note newly formed thin basement membrane (arrow). (This
is higher power of Fig. 7.) BM=capillary basement membrane (x21,250).
one patient crystalloids were present in the epithelial
cells (Figs. 10 and 11). They were composed of parallel
fibrils, measuring about boA in width, separated by
a row of small granules, measuring 170 to l9OA in
diameter. Lipid droplets were frequently found in
epithelial cells.
The five patients of group 11 also showed changes of
podocytes, but in a much milder degree. There was
focal degeneration of the cytoplasm with breakdown
of cell membranes. Spherical particles were occasion-
ally present between basement membrane and epithe-
hal cells and in two instances there were breaks in
basement membranes. Detachment of epithelial cells
was only slight and focal. The five patients in group I
had no degeneration of epithelial cells except for occa-
sional lipid droplets and epithelial separation in
obsolete glomeruli.
In general, there were only mild degrees of mesangial
cell and matrix proliferation. Only two patients of
group III showed moderate focal increase of mesangial
cells. One patient (14) showed distinct electron dense
deposits in mesangial areas. In others dense deposits
were minimal. The basement membrane showed focal
wrinkling, mottling and slight thickening. In two biop-
sy specimens breaks were observed. The inner outline
of the lamina rara interna was often wavy and, occa-
sionally, fine fibrils were seen between the endothehial
cells and basement membrane.
Platelets were found four times within capillaries,
and myxovirus-like particles were seen in endothelial
cells of four other biopsy specimens.
Discussion
All patients presented in this study had severe pro-
teinuria with the nephrotic syndrome and a histologic
z
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Fig. 9. Patient /6: Newly formed membranes (NM) between collapsed capillary and detached podocyte (P) (x 15,250).
Fig. 10. Patient 1/: Crystalloid in podocyte (arrow) (x 21,250).
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Fig. 11. Patient II: Crystalloid: rows of granules separated by parallel fibrils which are continuous with tonojilaments (arrow) (x 54,000).
picture of focal glomerular sclerosis. However, they
clearly fall into different groups with respect to clinical
and histological findings.
The patients in group III were the youngest in age,
included the largest number of heroin addicts and had
the most severe clinical course with rapidly developing
nephrotic syndrome and rapid progression to renal
failure. On light microscopy, the biopsy specimens also
showed a more severe disease than those of groups I
and II. This was evidenced by a greater number of
glomeruli with segmental lesions, as well as many
obsolete glomeruli. In addition, there was slightly
more pronounced mesangial and epithelial prolifera-
tion (Table 2). In some cases one may even apply the
term "focal glomerulonephritis" which has been used
by some authors for the nephropathy of heroin addicts
[14]. Electron microscopic findings corresponded to
light microscopic observations. In addition, there was
a severe degree of podocyte degeneration and detach-
ment. One may suppose that the severity of disease has
some relationship to the severity of the podocyte
damage, though we can offer no direct evidence that
this damage is the cause of focal sclerosis. In experi-
mental radiation nephritis, detachment of podocytes is
accompanied by capillary collapse, similar to that seen
in focal sclerosis; however, in radiation nephritis
capillary endothelium also becomes detached [12].
Podocyte degeneration is not specific for focal
glomerular sclerosis. We have seen it in some cases of
severe mesangio-capillary and extracapillary glomeru-
lonephritis. However, in 15 patients with lipoid ne-
phrosis (minimal change), no epithelial cell necrosis or
detachment were observed.
An interesting feature of group III is that the renal
disease in nearly all patients appears to be related to
drug (heroin) addiction or to infection (infectious
mononucleosis). Renal disease of heroin addicts has
been widely discussed lately. Glomerular lesions of
nephrotic addicts vary from minimal [13] to focal pro-
liferative glomerulonephritis [14]. Kilcoyne et al [14]
found deposits of 1gM and complement in glomeruli
and postulated an immune response to drugs, infec-
tions or nonspecific contaminants. Eknoyan et al [15]
also describe immune-complex deposits in glomeruli
of drug addicts with renal disease. However, some of
their patients had bacterial endocarditis or viral
hepatitis. Neither of these infections was present in our
patients. Rao, Nicastri and Friedman [16] observed
focal and segmental glomerular sclerosis in addicts
with massive proteinuria. A rather striking finding in
all biopsy specimens from heroin addicts was focal
acute interstitial inflammation, resembling changes
seen in patients with penicillin or methicillin hyper-
sensitivity [17].
Renal lesions in infectious mononucleosis were re-
ported to consist of patchy interstitial infiltration and
tubular degeneration with glomeruli showing only
minimal changes [18]. This contrasts with the focal
and segmental glomerular sclerosis found in our case.
Findings in patients in group II, as well as in one
patient with idiopathic disease in group III, suggest
that a similar process of podocyte degeneration,
though usually milder and slower in development,
occurs also in at least some patients with focal sclerosis
of unknown origin. Recently, Jao et al [19] demon-
strated similar, milder lesions in some patients with
lipoid nephrosis and mesangial sclerosis and interpre-
ted them as basement membrane protrusions.
Of interest are also the crystalloids found in epithe-
hal cells of one of our patients. While we have found
no mention in the literature of crystalloids in glomer-
ular epithelial cells, very similar structures have been
reported in proximal tubular cells of three species of
monkeys. They were referred to as "granule-lamellar
complexes" and interpreted as reorganization of ribo-
somes and membranes of the endoplasmic reticulum
[20]. Another comparable structure may be the
Lubarsch crystal in spermatogonia of normal boys and
men which has been shown to possess a similar ultra-
structure [211. These structures have been related to
active cell division, a process that may also play a role
in damaged and regenerating podocytes. Measurement
of granules and fibrils and continuity of some fibrils
with tonofibrils lead us to believe that the crystalloids
are composed of tonofibrils and ribosomes in an
organized pattern. We recently encountered similar
structures in the podocytes of a patient with lipoid
nephrosis.
Two patients in group II showed focal glomerular
lesions many years after the onset of childhood ne-
— —.-sd
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phrosis; similar instances have been reported by other
authors [6, 8, 22]. It has been suggested that there are
two populations of patients with focal glomerular
sclerosis [4]. In one of these, the focal lesions develop
at the onset of the disease; in the other group they
seem to develop in previously normal kidneys of
patients with relapsing nephrotic syndrome.
In the two female patients, the disease apparently
began during pregnancy. However, one of these
patients was also a heroin addict, and the glomerular
changes are probably related to this factor.
The frequent occurrence of hypertension in our
patients is of interest. Of ten hypertensive patients,
three developed nephrotic syndrome apparently after
the onset of hypertension. Frequent occurrence of
hypertension in patients with nephrotic syndrome and
focal glomerulonephritis was also observed by
Heptinstall and Joekes [23].
While the size of our sample is too small to draw
definite conclusions, it appears that a small number of
patients, especially drug addicts, with nephrotic syn-
drome and a severe form of focal glomerular sclerosis
follow a rapidly progressing clinical course. On elec-
tron microscopy, the glomeruli of these patients usu-
ally show severe podocyte degeneration. The combina-
tion of these light and electron microscopic lesions re-
suits in a rather characteristic picture and carries a
poor prognosis.
Since most of these lesions are observed in a full-
blown or late stage, it is not possible at the present time
to evaluate the prognostic significance of early or iso-
lated epithelial changes. The fact that epithelial de-
generation and detachment are not specific does not
negate the possible etiologic role of epithelial changes
in focal sclerosis; they occur in various glomerular
diseases which are characterized by capillary collapse
and progression to glomerular obsolescence.
The majority of patients with nephrotic syndrome
and focal glomerular sclerosis seem to follow a pro-
longed and more benign course and show few epithelial
changes.
It is possible that rapidly progressing focal glomer-
ular sclerosis occurring in young drug addicts rep-
resents a separate disease entity, which may have a
nephrotoxic basis. In these patients severe podocyte
degeneration may contribute to the development and
progression of the glomerular lesion.
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